Decision support systems (DSS) 
Introduction
The last fifteen years have witnessed tremendous decision support systems (DSS) advances. The worth of the DSS concept has been shown by the number of decision support systems which have been successfully developed and used by organizations. Vendors have flocked to the marketplace with hardware and software products which are useful in building and operating decision support systems. There is now an annual summer conference dedicated to decision support systems.
There have also been significant advances in DSS research. The earliest research efforts focused on creating systems which we now call DSS. A marketing and production planning system, a corporate planning system, and a system for supporting brand marketing decision making are all noteworthy examples (Scott Morton [19] , Hamilton and Moses [7] , and Little [14] ). Important conceptual work soon followed which aided in clarifying the goals and characteristics of DSS (Scott Morton [19] , Sprague and Watson [22, 23] , and Keen and Scott Morton [11] ). Other authors helped identify the unique developmental methodology required by DSS (Gerrity [4] and Ness [18] ). Currently, DSS research has progressed to the point where laboratory experiments are being conducted [13] . There are now enough decision support systems in operation that large scale field studies are possible [28] .
A relatively unexplored DSS area is management's role in their approval and administration. For example, what are the motivations for creating a DSS? How is a proposed DSS project evaluated? How do firms plan and organize for building a DSS? What techniques are used to review and control DSS projects? How is a DSS managed as an organizational entity? These topics are increasing in importance as a growing number of organizations are considering building decision support systems.
Answers to questions such as these have been suggested in part by insightful observers of the DSS scene and by individuals with first-hand experience in building decision support systems. However, to the authors' knowledge, no large scale field study research has been conducted on the approval and administration of DSS. Because of this, the authors recently completed a detailed investigation of eighteen decision support systems and report here how they were approved and are administered. It is believed that this information should be of interest and value to other DSS researchers and to practitioners who currently have or are considering the creation of decision support systems.
Previous Research
The general topic of DSS approval and administration has received limited attention in the literature. Certain areas of the general topic have been explored, but most discussions have been speculative in nature.
While many authors explain the initial desire to acquire a DSS as being motivated by a desire to improve decision making effectivenss [1, 6, 9, 14, 15, 18, 19] , only a few have speculated about or determined specific factors leading to the development of a DSS. Some suggest the hard times and unpredictability of the 1970s as factors (Wagner [26] and Naylor [17] ). Ginzberg [3] has posed the DSS as a mechanism for introducing change into organizations which are in a state of equilibrium. By far, the most commonly suggested factor is the active support of those individuals who will benefit from the existence of the DSS. It is frequently suggested that the eventual user of the DSS (primarily upper-level management) will initiate its consideration (Sprague [20] , Keen and Wagner [12] , Scott Morton [19] , and McCosh [16] ). In addition to initiating the idea of creating a DSS, the ultimate user often becomes an "organizational champion" for it, and uses influence to gain needed organizational acceptance (Hayes and Nolan [8] and Sprague and Olson [21 ] ).
Considerable attention in the literature has been given to the method of evaluating the financial attractiveness of a DSS. It is in this area that perhaps the greatest consensus exists. Most agree for the need to evaluate the financial desirability of the DSS, despite the difficulty of measuring the often intangible benefits of improved decision making (Keen [11] , McCosh and Scott Morton [16] , Wagner [26] , and Green [5] ). Alter [1] in a study of 56 decision support systems found that monetary assessments were performed infrequently. In several other studies of DSS development, it was found that only rarely was a formal cost benefit analysis performed, and seldom was any attempt made to quantify benefits (Keen [10] and Wagner [25, 27] ). Keen [10] has suggested an approach for evaluating the financial attractiveness of a DSS which is consistent with the above observations. He calls this approach "value analysis." It suggests that formal cost benefit calculations are not necessary if the anticipated benefits exceed the expected costs and the expected costs are relatively low.
The most comprehensive discussion of planning and organizing for DSS is provided by Sprague and Carlson [24] . They identify three developmental approaches: the quick-hit, the staged development approach, and the complete DSS. They suggest that while any of the three approaches might be appropriate, the staged development approach is recommended in most circumstances. With this approach, DSS hardware and software are obtained with a specific DSS in mind and with plans to use the hardware and software with additional, specific applications at a later date. They also discuss the organizational location of contributors to the creation of a DSS. The group or individuals can come from several places: a special purpose team of systems analysts, a reoriented tools group, an MS/OR group, a planning department, or a staff analysis group from a functional area. Wagner [27] in a study of Interactive Financial Planning System (IFPS) users found that most of the decision support systems were built by planning analysts. Locandier, Napier, and Scamell [15] state that computer, based information system (CBIS) professionals are required during the development of a DSS. By contrast, Blumenthal [2] states that the DSS and CBIS functions "simply do not mix," in terms of resources and organizational location.
One of the ongoing activities which all managers must perform is the review and evaluation of projects under their control. The development of a DSS is typically begun and directed toward the specific needs of a manager or select group of managers. Consequently, managers must play an active role in controlling DSS projects. Since the development of a DSS requires frequent change and restructuring, researchers agree that management review of the DSS should be heavy throughout the development process (Locandier, Napier, and Scamell [15] , Keen and Wagner [12] , and Scott Morton [19] ). The suggestion of specific review techniques such as checkpoints or milestones has been made by only a few researchers (Sprague [20] and Keen [10] ).
Perhaps the most neglected aspect of DSS research is managing DSS as an organizational entity. The greatest attention had been devoted to the management of a specific DSS [10, 16, 19, 20, 24] , as opposed to the administration of all DSS activities.
Description of the Study

Study purpose
The authors conducted an intensive investigation of eighteen decision support systems in order to support or refute existing speculations as to the role of management in DSS approval and administration. The authors sought to add to existing knowledge and to fill in some of the gaps which currently exist in the DSS literature.
Study method
The research methodology selected for this study was that of the field study with in-person interviews. This approach was taken for several reasons. First, the DSS concept is relatively new and some of the terminology is not well defined and understood. Therefore, it was expected that it would be necessary to conduct personal interviews in order to explain possibly confusing terms or concepts. Second, much indepth information was required in several poorly structured areas. Many questions involved issues requiring openended responses not conducive to structured questionnaires. Further, this study was viewed as being exploratory in several of the areas of DSS approval and administration, and field studies are often appropriate when dealing with exploratory research.
Sample selection
Since the personal interview was selected as the method for acquiring data, a sampling location was desired which afforded a high probability of locating organizations with a DSS. The cost of conducting personal interviews across the country was prohibitive and thus necessitated selecting a limited geographic area. The DallasFort Worth, Texas, metropolitan area was selected as an area containing a large, diverse business community including many state, regional, national, and international business headquarters.
The selection of companies was performed by examining large, policy-level (headquarters) corporations where upper-level decision making would likely be concentrated. The companies contacted were located from published lists of Dallas-Fort Worth based corporations and from referrals of colleagues and other company officials.
The companies were selected based upon telephone interviews with the highest ranking company official likely to be knowledgeable as to the existence of a DSS in the organization (e.g., Vice President for Information Services). In deciding whether or not an organization had a DSS, the criteria presented below were used. The criteria correspond closely with the characteristics of a DSS which are typically given [10, 19] . Every firm included in the study had a DSS which met the essential criteria and most of the decision support systems also satisfied all of the additional criteria.
Essential Criteria for a DSS
Supports but does not replace decision making.
Directed toward semistructured and/or unstructured decision making tasks.
Data and models organized around the decision(s).
Easy to use software interface.
Additional Criteria for a DSS
Interactive processing.
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DSS use and control is determined by the user.
Flexible and adaptable to changes in the environment and decision maker's style.
Quick ad hoc DSS building capability.
A total of eighteen companies were selected for inclusion in the study from a total of 109 initial contacts. Of these eighteen companies, one was used initially to pretest the interview process and was, after repeat interviews, included in the total sample. Table 1 lists each of the eighteen cornpanies and the purpose or use of the DSS in their organization.
Conduct of the interview
For each of the eighteen companies in the sample, a two to three hour interview was conducted with the highest ranking individual in the company having a significant level of interaction with the DSS. In all cases the interviewee was either a high ranking decision maker (president or vice president) or a high ranking assistant to the decision maker (senior financial analyst or middle manager). In order to facilitate an open but controlled interview process, a questionnaire was followed to provide structure (the questionnaire is available in [9] ). Some responses were recorded during the interview for categorical or scaled questions, but most of the responses were recorded in the questionnaire after the interview was completed using tape recordings made during the interview. This approach allowed for an open, fluid discussion with the respondent and permitted the interviewers to probe into many areas of interest.
Documentation of the interviews
Findings from the interviews were documented in two basic formats: individual company minicase studies and summary tables across companies. The case studies allowed the researchers an opportunity to capture the true flavor and complete picture of an individual DSS. The summary tables provided a basis of comparison across all of the eighteen decision support systems examined. The summary tables serve as the basis for generalizations discussed here.
Study Findings
Motivations for DSS development
The company official was asked what factor(s) motivated the development of the DSS. The responses are categorized in Table 2 . The most frequently cited factor was a need for accurate information. This factor was mentioned in 67 percent of the cases.
There was no specific evidence to support the contention of Wagner and Naylor that DSS development grew out of the hard times of the 1970s [26, 17] , or Ginzberg's notion of introducing change in organizations at equilibrium [3] . However, these might be the motivations of the organizational champion who was mentioned in 44 percent of the cases as being a factor in the development of the DSS. The data tend to support the observations of Hayes, Nolan, Sprague, Olson and others about the importance of an organizational champion [8, 21] . In another 22 percent of the cases, development of the DSS was mandated by management. The two taken together reveal that 66 percent of the companies had management advocating or requiring the development of the DSS.
Substantiation was provided for statements by Sprague, Keen, Wagner, Scott Morton, and others regarding who advocates the creation of a DSS [20, 12] . As suggested by these researchers, the eventual users of the DSS are those who most actively support its development. This study found that the individuals pushing for the creation of the DSS were the end 
Methods of evaluating DSS desirability
The decision to develop a DSS appears to be based primarily on an intuitive feeling about the impact the DSS will have on decision making. As Table 3 shows, only 23 percent of the companies specifically considered both the costs and benefits of the DSS. In the other 77 percent, management relied totally upon intuition or value analysis.
The company official was asked what specific costs and benefits were considered when evaluating the DSS. Tables 4 and 5 categorize the responses and reveal that in fifty percent of the companies none of the costs were explicitly considered and that in only seventeen percent of the companies were the benefits quantified. These benefits were in the form of cost savings. An additional six percent of the companies measured costs, but did not consider these as benefits to be derived. The additional six percent in benefits came from an intuitive belief in the system by management. These findings support all major statements in the literature. Keen found only thirteen percent of his sample had performed any cost benefit analysis as compared with 23 percent in this study. Further, Keen found only thirty percent had "hard" measures of benefits as compared with only seventeen percent in this study. Keen advocates value analysis for the evaluation of a DSS [10] . This study found this approach used in 33 percent of the cases investigated.
Another aspect of the evaluation of a DSS is to investigate its impact after it has been in use for a period of time. The literature provides no insight or suggestions as to the extent that this type of evaluation is performed in actual practice. The survey results leave little room for speculation in this area. Ninety-four percent of companies surveyed made no formal attempt to measure the financial impact of the DSS after it became operational.
Planning and organizing for DSS
Planning for the development of decision support systems is more an ad hoc than an integrated process. One third of the firms in the survey employed a quick-hit approach with their first DSS. The DSS was developed with little thought given to the development of additional decision support systems. Another one third of the companies followed an approach which lies between a quick-hit and a staged developmental approach. Typical of this case is a firm which obtains a DSS generator for a particular application, but with a belief that the DSS generator will be used for additional DSS applications. The final one third of the organizations used a staged developmental approach. Here, the effort expended in creating the first system is reused in developing the second. No firms were found to be using the complete DSS approach. With this approach, before building any specific DSS, a complete set of DSS tools and generators is developed or obtained, and organizational issues relating to DSS are decided. The findings support the existence of the ad hoc end of Sprague and Carlson's continuum of planning approaches [24] . The findings also suggest the importance of a position which falls between the quick-hit and staged developmental approaches.
Several interesting findings emerged from questions regarding the organizational location of personnel who contribute to the creation of a DSS. One clear finding is the tendency of decision support systems to be developed by user groups rather than by CBIS or OR/MS personnel. As can be seen in Table 6 , in 83 percent of the firms studied, planning departments or staff analysis groups in functional areas were responsible for the creation of the DSS. These findings are similar to those reported by Wagner [27] .
Even though user groups are primarily responsible for DSS development, other organizational groups are important contributors of resources. In particular, the CBIS group is frequently the source of hardware, systems software, and communications capabilities. This pattern is seen in Table 7 . The table also points out once again the important role of the DSS user department, this time broken down into responsibilities for data input, logical software, and developmental personnel. These findings support Locandier, 
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Review and control of DSS development
This portion of the study was concerned with an issue basic to the development of a DSS --the management of the developmental process. Two methods of exercising control over the developmental process were explored. The first was the use of milestones or checkpoints for periodic review. The second was the use of documentation.
Sprague and Keen have advocated the use of both [20, 10] ; however, Keen in a study of the use of DSS generators found little use of either.
In this study, milestones were found to be used frequently by companies in managing the developmental process. Some form of review at one or more points was conducted in 83 percent of the cases. Management review was found in 72 percent, and written management review exi_sted in 61 percent of the companies. Points which appear to regularly receive review are the initial idea, design specifications, and the completed system or completed components of the system. Table 8 summarizes these findings.
In addition to the use of specific review points during the developmental process, it should be pointed out that an additional, ongoing form of review was present in the form of direct management involvement during DSS development. In 83 percent of the cases, middle and/or upper management was directly involved in developing the DSS. This serves as an additional source of control over DSS development.
As for the use of documentation, this study's findings differ from Keen's [10] . In 89 percent of the decision support systems studied there was some type of documentation. The most common source of documentation was from the DSS user. 
Managing the DSS as an organizational entity
The management of a DSS as an organizational entity has received relatively little attention in the literature. This survey indicates several specific tendencies in this area. First, administration is controlled almost exclusively by middle and/or upper management. In only eleven percent of the companies is lower management involved in DSS administration, and then, only in conjunction with middle management. The organizational scope of the unit administering the DSS appears to be limited to the departmental level. Only 28 percent of companies in the sample had administrative representation from more than one department. In all departmentally administered decision support systems, the department administering the DSS was also the user of the DSS.
While administration is primarily dealt with within the user department, most companies (62 percent) have more than one person involved. Finally, formalized procedures for the creation and use of decision support systems do not generally exist. Seventy-three percent of companies was found to have no formalized procedures. In many cases this may be attributed to the relative infancy of decision support systems in the organization.
Finally a comparison of DSS policy with general organizational policy was made. In the majority of cases (61 percent), there were no specific differences. Rather, DSS policies were found to be an extension of existing organizational policies. In the other 39 percent of the cases, DSS policies were either absent, less formalized, or controlled by the user department rather than through organization-wide committees.
In none of the cases were there any specific policies for the extension of use of the DSS to others in the company or for the development of new decision support systems. There were several means of informally encouraging the development or use of decision support systems, but no formalization has taken place. The literature does not address this issue.
Summary
Eighteen decision support systems were investigated to determine how they were approved and how they are administered. The following statements summarize the study's findings.
The development of a DSS was usually preceded by a realization of its potential value in decision making. This value may result from the impact of more accurate, timely, and/or new information. An organizational champion was often an important factor in the decision to create a DSS. Typically, this person is a middle or upper level manager in the department where the DSS will be used. "
The evaluation of the desirability of creating a DSS was found to be based largely upon intuition. This was due primarily to the difficulty of quantifying the potential benefits. In general, a DSS was created if the potential benefits exceed expected costs of an acceptable, low level.
In planning for DSS, attention was focused on building the current DSS, but with some thought given to the creation of future decision support systems. In nearly all cases, the ultimate users were primarily responsible for the development of the DSS. Frequently, however, the CBIS group provides hardware, systems software, and communications support.
Management control
of DSS projects was accomplished through involvement, review, and documentation. Multiple review points were established for the decision makers' approval. Documentation for the DSS was created as the project goes through the entire developmental process. Much of this documentation was provided by the DSS users. Both hard copy and computer-stored documentation can be used.
Management of the DSS was found to be primarily at the departmental level, because utilization of the DSS tends to be limited to individuals within a single department. Upper and/or middle management from the departmental unit for which the DSS is created has accepted the responsibility for developing guidelines for access, use, and evaluation of the DSS. Assuming the DSS remains limited to the departmental level, informal policies are considered satisfactory.
